We report on a first next-to-next-to-leading order calculation of the decay constants of the D (D *  ) and B (B * ) mesons using a covariant formulation of chiral perturbation theory. It is shown that, using the state-of-the-art lattice QCD results on f Ds /f D as input, one can predict quantitatively the ratios of 
defined as
where P q denotes a pseudoscalar meson and P * q a vector meson. In this convention, f Pq has mass dimension one and F P * q has mass dimension two [22] . For the sake of comparison with other approaches, we introduce f P * = F P * /m P * , which has mass dimension one. Our formalism can be trivially extended to the B meson decay constants and therefore in the following we concentrate on the D mesons.
To construct the relevant Lagrangians in a compact manner, one introduces the following fields 1 and currents as in Ref. [3] :
where P = (D 0 , D + , D Table   1 ). The covariant derivative is defined as d µ = ∂ µ + Γ µ with Γ µ = 1 2
(u † ∂ µ u + u∂ µ u † ) and
] with Φ the pseudoscalar octet matrix of Nambu-Goldstone (NG) boson fields, F 0 their decay constant in the chiral limit. The weak couplings have the following form [3] :
where α is a normalization constant of mass dimension two, ω µ = u∂ µ U † , Λ χ = 4πF 0 is the scale of spontaneous chiral symmetry breaking, and In Eqs. (5, 6, 7) , the superscript in L denotes the chiral order of the corresponding Lagrangian.
Here we have counted the axial current, the derivative on the NG boson fields, and their masses as O(p), as usual.
To calculate chiral loops, the following LO Lagrangian is introduced [1] [2] [3] 23] (in this letter, only the relevant terms are explicitly shown):
It describes the interactions between a pair of HL mesons (P P * or P * P * ) with a Nambu-Goldstone 
The Feynman diagrams contributing to the decay constants up to NNLO 2 are shown in Fig. 1 .
For the HL pseudoscalar meson decay constants, diagrams (a-g) have been calculated in Ref. [8] .
However, diagram (h) that contains two new LECs β 1 and β 2 was not considered there. Its contri- used in the present study. The eta meson mass is calculated using the Gell-Mann-Okubo mass relation: 
where ξ i,j,k can be found in Table 2 
and
Diagrams (h) give
with
As explained in Ref. [8] 
whereα = α/m P and Z i , T i , and C i can be found in Ref. [8] . The "tilde" indicates that one has to perform a subtraction to remove the power-counting-breaking terms that are inherent of covariant ChPT involving heavy hadrons whose masses do not vanish at the chiral limit (for details see Refs. [8, 23] ). Furthermore, a second subtraction is needed to ensure that heavy-quark spinflavor symmetry is exact in the limit of infinitely heavy quark masses. Details and consequences for phenomenology will be reported in a separate work. After these subtractions the results can be expanded in the inverse heavy-light meson mass. In the limit m P → ∞ the lowest order HMChPT results are recovered. The covariant approach, being fully relativistic, sums all powers of contributions in 1/m P , which are of higher order in HMChPT. Such a relativistic formulation is not only formally appealing. It also converges faster than non-relativistic formulations, such as HMChPT and HBChPT. This has been recently demonstrated in the one-baryon sector and in heavy-light systems for a number of observables (see, e.g., Refs. [8, 23] . It should be stressed that the loop functions are divergent and the infinities have been removed by the standard MS procedure, as in Ref. [8] .
Now we are in a position to perform numerical studies. We first fix the five LECs, α, b D , b A , β 1 , and β 2 , by fitting the HPQCD f Ds /f D extrapolations [10] . The results are shown in Fig. (2a) .
The NNLO ChPT fits the chiral and continuum extrapolated lattice QCD results remarkably well, keeping in mind that the HPQCD extrapolations were obtained using the NLO HMChPT results supplemented with higher-order analytical terms [10] .
In addition to providing the NNLO ChPT results that should be useful for future lattice simulations of the HL decay constants, a primary aim of the present study is to predict quantitatively the SU(3) breaking corrections to f D * s /f D * , f Bs /f B , and f B * s /f B * from that of the f Ds /f D . To achieve this, one must take into account heavy-quark spin-flavor symmetry breaking corrections to the LECs: α, b D , b A , β 1 , β 2 , and g P P * φ (g P * P * φ ).
The LEC α is only relevant for the absolute value of the decay constants, therefore it does not appear in the SU(3) breaking ratios. However, in the Lagrangian of Eqs. (5, 6) , one implicitly assumes heavy-quark spin symmetry, i.e., c ′ = The LECs that affect the predicted ratios most prominently turn out to be g and g * , which determine the size of chiral loop contributions. In the present case g DD * π is determined by reproducing the D * meson decay width. Recent n f = 2 LQCD simulations suggest that g BB * π is in the range of 0.4 ∼ 0.6 [25] [26] [27] . We therefore take the central value of 0.516 from Ref. [25] and assign a 20% uncertainty. Studies based on QCD sum rules indicate that g and g * could differ by 10 ∼ 20% [28, 29] . We take this into account in our study.
With heavy-quark spin-flavor symmetry breaking effects on the relevant LECs taken into account as described above, we can now make predictions for the ratios of of the B meson decay constants are found to be larger than those of their D counterparts, in agreement with the HPQCD results [10, 14] . Fully dynamical lattice simulations of the vector meson decay constants should provide a stringent test of our predictions. It should be stressed that the bands shown in Fig. 2 reflect the estimated effects of heavy-quark spin-flavor symmetry breaking from the change of the relevant LECs, in addition to those induced by the covariant formulation of ChPT, the use of physical mass splittings and different g DD * φ (g BB * φ ). The same is true for the uncertainties of our results given in Table II .
Our predicted ratios at the physical point are compared in Table II with the results from a number of other approaches, including the lattice simulations [17, 18, 20] , the relativistic quark model (RQM) [31] , the light-front quark model (LFQM) [32] , and the field correlator method (FCM) [30] . 3 Our predictions for the relative magnitude of the f P * s /f P * vs. f Ps /f P ratios agree with those of the FCM [30] , the RQM [31] and LFQM [32] . It should be noted that the results in 
